The mechanism of phosphorylation of natural nucleosides and anti-HIV analogues by nucleoside diphosphate kinase is independent of their sugar substituents.
The reaction mechanism of the phosphoryl transfer catalyzed by dinucleoside diphosphate kinase from Dictyostelium discoideum is investigated by semiempirical AM1 molecular orbital computation of an active site model system on the basis of various X-ray crystallographic structures. The computational results suggest that the phosphoryl transfer from adenosine triphosphate to the His122 residue is accompanied by the simultaneous shift of a proton from the histidine residue to one of the oxygen atoms of the gamma phosphate group. This involves a doubly protonated His122 residue whilst this residue is neutral in its ternary complex with ADP and the transition state analogue AlF(3). The proposed mechanism is thus analogous to that of phosphoryl transfer by cyclic adenosine monophosphate dependent protein kinase and uridine/cytidine monophosphate kinase as found in our earlier work and clarifies the role of the ribose 3'-OH group. Furthermore, the energetics of phosphoryl transfer onto other nucleoside analogues such as 3'-azido-3'-deoxythymidine-diphosphate and 2',3'-dideoxy-2',3'-didehydro-thymidine-diphosphate are investigated. The calculated reaction barriers for the phosphorylation of the diphosphates by the enzyme are all within a range of 13.1 kJ mol(-1), which suggests that variations in the activation energies alone cannot account for the experimentally observed differences in enzymatic activity. Consequences for the design of new anti-HIV nucleoside analogues are discussed. Supporting information for this article is available on the WWW under http://www.wiley-vch.de/contents/jc_2268/2002/f360_s.pdf or from the author.